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Chloroplasts are elongated (arrows). C: Cell with different shape 
confirming the nucleus (n) position. Scale bars = 10 μm. 
 
Figure 3.3 Scanning electron micrographs of Ostreopsis rhodesae sp. nov. 
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view. Note the suture between plates 3’ and 6’’ (arrowhead). C: Epitheca in 
right lateral view. Note the suture between plates 3’ and 6’’ (arrowhead). 
D: Epitheca in apical view with heptagonal 1’ plate, with suture between 
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broken theca. B: Outside view of a broken theca. C: Outside view of an 
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HER32. A: Cell in left lateral view showing the undulated cingulum path. 
B-F: Sulcal details. B: Ventral hypotheca, outside view. C: Ventral 
hypotheca, outside view of a broken cell. D: Ventral part of a broken cell. 
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Figure 3.8 ML phylogenetic trees of various Ostreopsis strains using primer 
sets for A: D1-D3 LSU rDNA; and B: SSU rDNA regions. See the caption 
in Figure 3.7 for the detailed information.   
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represented in Figure 4.1. A: Mean growth rates. Error bars represent 
standard error of three replicate measurements. B: Cell volume. Error bars 
represent standard error of twenty measurements. C: Cellular toxin content. 
Error bars represent 8-10% relative standard deviation of repeatability for 







Figure 4.5 Toxin profile variation amongst Ostreopsis cf. siamensis strains 
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S8D Rapid light curve derived parameters for Ostreopsis cf. siamensis 
isolates representing maximum photosynthetic rate (ETRmax), the light 
saturation parameter (Ek), the light utilisation efficiency (α), 
photochemical (1-C) and non-photochemical quenching (1-Q). SE 




S9A Analysis of variance (one-way ANOVA) on growth rates, FvFm, 





S9B Analysis of variance (one-way ANOVA) on growth rates, FvFm, 




S9C Analysis of variance (one-way ANOVA) on growth rates, FvFm, 
σ, ETRmax, α, Ek and cellular biovolume for strains isolated from 
Wallis Lake, Forster 
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S9D Analysis of variance (one-way ANOVA) on growth rates, FvFm, 




S9E Analysis of variance (one-way ANOVA) on growth rates, FvFm, σ, 




S9F Analysis of variance (one-way ANOVA) on growth rates, FvFm, σ, 






S9G Analysis of variance (one-way ANOVA) on growth rates, FvFm, 




S9H Analysis of variance (one-way ANOVA) on growth rates, FvFm, 
σ, ETRmax, α, Ek and cellular biovolume for strains isolated from 
Merimbula Lake inlet. 
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S10 Functional groupings based on all factors regulating the ETR (σ, 
Fv/Fm, cellular RCII concentration ([RCII]), [1 – C] and [1 – Q) across 
all types. Cluster analysis and multidimensional scaling (MDS) were 
performed on the average of each variable per variant; similarity is 
shown at the 90 and 95% levels and vectors driving the clustering are 




S11A Two-dimensional principal component analysis of phenotypic 
variables in Ostreopsis cf. siamensis clones. Light harvesting (Fv/Fm, 
σ, Cellular RCII concentration ([RCII])) and light utilization ([1-C] and 
[1-Q]) along with cell volume, toxin amounts and growth rates were 





S11B Percentage variations in Ostreopsis cf. siamensis strains being 
explained by the factors making up the principal component axes. 
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S11C Eigenvectors: Coefficient in the linear combination of variables 
making up the Principal component axes 
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S12A Description of sequences from Ostreopsis cf. ovata HER27 
encoding essential enzymes of various metabolic pathways. NA= 
enzymes not present in the transcriptome  
223 
 
S12B Description of sequences from Ostreopsis cf. siamensis BH1 
encoding essential enzymes of various metabolic pathways. NA= 
enzymes not present in the transcriptome  
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S12C Description of sequences from Ostreopsis rhodesae HER26 
encoding essential enzymes of various metabolic pathways. NA= 
enzymes not present in the transcriptome  
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S12D Description of sequences from Coolia malayensis MAB encoding 
essential enzymes of various metabolic pathways. NA= enzymes not 
present in the transcriptome 
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S13 Distributions of second level cellular component, biological 




S14A List of transcripts encoding full ketoacyl synthase domain 
identified in Coolia malayensis MAB, Ostreopsis cf. ovata HER27, 





S14B List of transcripts encoding partial ketoacyl synthase domain 
identified in Coolia malayensis MAB, Ostreopsis cf. ovata HER27, 
Ostreopsis cf. siamensis BH1 and Ostreopsis rhodesae HER26. 
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S14C List of transcripts encoding full ketoacyl reductase domain 
identified in Coolia malayensis MAB, Ostreopsis cf. ovata HER27, 
Ostreopsis cf. siamensis BH1 and Ostreopsis rhodesae HER26. 
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S14D List of transcripts encoding partial ketoacyl reductase domain 
identified in Coolia malayensis MAB, Ostreopsis cf. ovata HER27, 
Ostreopsis cf. siamensis BH1 and Ostreopsis rhodesae HER26. 
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S15 List of multi-domain PKSs found in Coolia malayensis MAB, 
Ostreopsis cf. ovata HER27, Ostreopsis cf. siamensis BH1 and 
Ostreopsis rhodesae HER26 
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S16 Top BLAST hits of polyketide synthase genes found in Coolia 
malayensis MAB, Ostreopsis cf. ovata HER27, Ostreopsis cf. siamensis 





S17 List of putatively annotated entities featured in the non-targeted 
metabolite analyses of Ostreopsis cf. ovata HER27, Ostreopsis cf. 



























Lewis Carroll’s ‘Alice’s Adventures in Wonderland’ (1865) and ‘Through the Looking-
Glass and What Alice Found There’ (1871) have fascinated readers for generations and 
have had a considerable impact on popular culture. Characters and references from these 
books have been used by scientists to explain the intricate phenomenon in microbial 
ecology, and particularly in marine microbial eukaryotes.  Van Valen’s ‘Red Queen’ 
hypothesis as a metaphor for an evolutionary ‘arms race’ and the ‘Cheshire Cat’ as a 
symbol of the complex phenomenon of sexual reproduction in Emiliania huxleyi are a 
few popular examples.  
 
‘Through the looking glass’ depicts mirrors as a gateway to the wonderland and reflective 
of how mirrors are often illusionary. The book’s finale centred around a game of chess 
where Alice finds herself as a pawn in the bigger game, highlights the importance of 
strategy to survive. The ‘mirrors’ and ‘chess’ from the storyline are symbolic of cryptic 
diversity and functional traits that exist in marine microbial eukaryotes, at a species, 
population, genetic and metabolic levels, enabling them to survive in the changing 
oceanic conditions. Cryptic diversity and strategic functional traits in Ostreopsis species 
are the fundamental questions that I have pursued in my dissertation and hence used the 
book title as a reference to symbolise the details of my aims and findings. The reference 
also highlights the enigmatic ‘wonderland’ of marine microbial eukaryotes that we 
witness through the lenses of a microscope (looking glass).  
 
 
“There is a place like no other on earth. A land full of wonder, mystery and danger!  
Some say, to survive it, you need to be as mad as a hatter.” 
 










Marine microbial eukaryotes are of immense ecological and evolutionary significance in 
marine ecosystems. Understanding their biodiversity and functional evolutionary traits 
are key to improving our understanding of marine ecosystem functioning.  The East 
Australian Current (EAC) is a global climate change hotspot, and yet we lack in our 
understanding of its impact on phytoplankton distribution and dynamics. Ostreopsis 
species have been reported to cause severe blooms and produce palytoxin (PLTX) - like 
compounds all around the globe but we do not have basic information on the distribution 
and dynamics of Ostreopsis species in Australia.  
 
In this dissertation, I established the first comprehensive report of Ostreopsis species from 
Australian waters and explored cryptic diversity and functional traits in this genus. 
Extensive sampling along a north-south gradient of 1800 km from sub-tropical to 
temperate waters yielded the identification of three species, including a novel pseudo-
cryptic Ostreopsis rhodesae from the Great Barrier Reef, along with Ostreopsis cf. ovata. 
Ostreopsis cf. siamensis was identified at all locations and its eco-physiological traits and 
genetic population structure were investigated. The genetic diversity in the northern sub-
tropical locations was greater compared to the more southern locations, reflecting a long-
standing divergence and local radiations originating from the ancestral population and a 
potential southward range expansion, which may be related to the intensification of the 
EAC over the past century.  
 
Intra- and inter-population variations in physiological traits were investigated to 
understand its range expansion and functional trade-offs. This is the first study to our 
knowledge to report growth rates, cell size, cellular toxic concentrations and 
photobiological parameters on fifty-three clones of a marine protist, in order to investigate 
intra-specific diversity in key functional traits. The toxin biosynthesis pathway in the 
three species was investigated using de novo transcriptomics and compared to Coolia 
malayensis. All essential domains needed to synthesize a PLTX-like carbon backbone 
were identified in the three Ostreopsis species and were also found in the non-PLTX 
producing C. malayensis.  Putative molecules with potential polyketide-like backbone 
structures were reported in this investigation using non-targeted metabolomics, 
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suggesting a greater diversity of polyketide compounds amongst these species than 
previously anticipated.  
 
Results from this dissertation add to the knowledge of species biodiversity, population 
structures, eco-physiological traits and toxin biosynthesis mechanisms in marine 
microbial eukaryotes, and Ostreopsis species in particular. 
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